Four groups of 60 male Alpk:APfSD rats were fed different nutritionally comparable diets for 107 weeks with interim sacrifices at 26, 53 and 77 weeks in order to compare the effect of diet on the incidence of oral disease. Changes in the oral and nasal cavities were assessed by histopathology. Oro-nasal fistulation and severe periodontitis were associated with diets containing fibres originating from oats and barley. An expanded ground diet induced the most severe lesions. Aspects of the pathogenesis of the lesions observed are discussed.
A high incidence of periodontitis and oro-nasal fistulation has been reported previously in rats on a 2 year chronic toxicity/oncogenicity study (Robinson, 1985) . The lesions were believed to be associated with the feeding of a powdered expanded diet which contained large numbers of 1-2 mm long pointed food fibres. Subsequently an association between dietary fibre and oronasal fistulation has been reported in rats (Madsen, 1989) although in the latter paper induction of squamous cell carcinomas was also reported. Certain selected strains of rat, e.g. the rice rat, are particularly susceptible to periodontitis (Gupta & Shaw, 1956 ) but most strains are believed to be disease resistant (Page & Schroeder, 1982) .
The purpose of the present paper is to report an investigation into the relationship between periodontitis with or without oro-nasal fistulation, Received 12 April J989; accepted J2 December J990 and the constituents and nature of preparation, of rodent diets, and to alert workers of the possible consequences of using certain types of rodent diets.
Materials and methods
The study comprised 4 groups of 60 randomly assigned Alpk:APfSD (Wistar derived) rats, fed Porton Combined Diet in pellet form (PCD Pelleted), Porton combined diet in powdered form (PCD pelleted ground), Porton combined expanded diet in powdered form (pCD expanded) or Central Toxicology Laboratory, Diet 1 (CTI) expanded diet in powdered form, respectively (supplied by Special Diets Services Ltd, Witham, UK). The formulations for these and their basic nutritional profIles are shown in Table 1 . Although the formulations of PCD pelleted and PCD expanded vary only in minor details, the process of manufacture is different, resulting in different physical properties of the final diet. The ground mixed ingredients of PCD pelleted are moistened with steam before being forced through a metal die ring to produce a compressed pellet. The temperature of the mix reaches about 80°C in the process. To produce expanded diets the mixed ingredients are steam heated to about I50 a C before being passed through a perforated plate where expansion occurs to give a very friable pellet. To produce powder the diets are subsequently passed through a hammer mill. The friable expanded diet readily disintegrates in the mill with minimal attrition and is effectively blown through the 4 mm sieve used. The much harder compressed pellet is subjected to much greater attrition as it is ground through the 4 mm sieve. cn diet differs from the PCD diets in that cornflour and wheat bran replace oats and barley. The formulation ensures that these diets are very similar in their nutritional content. The rats were free from specified pathogens and obtained from the Animal Breeding Unit (ICI Pharmaceuticals Division, Alderley Park, Macclesfield, UK) as 21-day-old weanlings. Whilst in the breeding unit PCD pelleted diet was available ad libitum to dams and litters. Rats were housed 4 per cage in multiple rat racks (All Type Tools, London, UK) and were allowed access to their assigned diet and potable water ad libitum from the day of arrival at the laboratory. The animal room environment was controlled to a temperature of 21 ± 2°C and a relative humidity of 55 ± 150/0with 12h cycles of alternate light and dark.
The powdered diets were presented in glass jars with metal screw tops with a central aperture 10 cm in diameter. A perforated stainless steel follower with 14 x I cm diameter holes was placed in the top of each jar. Pelleted diet was presented in a wire mesh hopper situated in the front of the cages.
Termination of the study was at 107 weeks and (i) right and left upper incisor teeth (ii) first palatine ridge (iii) first upper molar teeth (iv) second upper molar teeth (v) third upper molar teeth (vi) first lower molar teeth Material for histology was routinely processed, paraffin wax embedded and 5 J.tmsections were cut and then stained with haematoxylin and eosm.
Histological inflammatory lesions of the oral cavity were graded according to the site affected (gingivitis, periodontitis, mandibular or maxillary osteitis) and according to severity of change (slight or marked). The severity of change recorded depended upon the degree of inflammatory cell infiltration and tissue destruction observed.
Histological findings were statistically analysed by Fisher's exact test (2-tail) comparing groups fed PCD diet with the group fed cn diet.
there were three interim sacrifices of predesignated rats at weeks 26 (8 rats/group), 53 (12 rats/group) and 77 (16 rats/group). Rats scheduled for interim sacrifice which died or were killed due to adverse clinical signs were not replaced.
At the interim sacrifices and at termination, or where the presence of adverse clinical signs caused removal from the study, rats were killed by over-exposure to halothane BP (Fluothane, ICI Pharmaceuticals Division, Macclesfield, UK) vapour. These, and any rat found dead were necropsied and the nasal and oral cavities were removed, fixed in 10% neutral buffered formol saline and submitted for histological preparation.
Following decalcification, the upper and lower jaws were trimmed using a modification of the method of Young (1981) . The sections produced and examined demonstrated the following structures:
Results
The number of rats examined at the various time points is shown in Table 2 . The highest mortality observed in the group fed PCD expanded and the lowest in the group fed cn. The mortality in the groups fed PCD pelleted or pelleted ground was intermediate. The major non-neoplastic pathological changes in the oral cavity are summarized in Table 3 . The nature of these changes was similar to that observed previously and described elsewhere (Robinson, 1985) . Some degree of pathological change was present in the oral cavity of most rats in the study irrespective of the diet fed. There was evidence of an increasing severity of lesions with increasing age and no rat surviving more than week 42 of the study had an oral cavity free from pathological change. Overall the most severe lesions and the highest incidence of lesions were present in rats fed PCD expanded diet and the lowest total incidence of lesions and the lowest severities were seen with CTl diet. Oro-nasal fistulation was one of the most severe lesions present. All of the groups fed PCD, regardless of the physical form, showed some cases of fistulation although PCD expanded diet produced the highest incidence. Most cases .'ig. 1. Section of nasal cavity of rat fed portion combined diet expanded, cut at level of first upper molar tooth showing oro-nasal fistulation (arrow head). of fistulation were observed in the later phases of the study although the lesion was first seen in a rat sacrificed at week 53. In all animals, with one exception, the fistulation occurred at the site of, or adjacent to, the first upper molar tooth (Figs I & 2) . Fistulation occurred more frequently into the nasal cavity than the maxillary sinus and, in most cases, because of the close proximity of the molar tooth, was associated with marked periodontitis. One rat with fistulation also had a squamous cell carcinoma of the oral cavity. Inflammation of the supporting tissues of the teeth was observed as gingivitis at the tooth margin, gingivitis with erosion of the gingival crevice, or periodontitis (Figs 3 & 4) . Periodontitis or gingivitis was commonly observed in rats of all the groups fed the different diets. The highest incidence and most severe periodontitis associated with the three upper molar teeth was generally present in the rats fed PCD expanded and the lowest incidence and least severe changes were invariably present in the rats fed cn.
Overall, the incidences and severities in rats fed PCD pelleted or PCD pelletedground were similar. The incidence and severity of periodontitis in the region of the first lower molar teeth was of a largely similar order in all groups fed PCD diet. As with the upper molars, however, in rats fed CT I lower molar periodontitis was relatively minor. Unlike the molars, upper incisor periodontitis was present at a very low incidence irrespective of the diet fed, although gingivitis was seen in up to 500/0 of the rats in the most severely affected group (PCD expanded).
Maxillary osteitis in the region of the upper molars (Fig. 5) was present in up to 50% of rats fed PCD diets whereas in rats fed CTI the incidence was much reduced (150/0). Rats with inflammation of the bone of the maxilla usually also had marked periodontitis of one or more upper molar teeth. Inflammation of the bone of the mandible occurred at a lower incidence overall than that of the maxilla with incidences varying from 7lTJo in rats fed cn to 15% in rats fed PCD pelleted.
The highest incidence of lesions in the nasal cavity and paranasal sinuses was present in rats fed PCD expanded with 50070 of the animals affected. Rats fed PCD pelleted ground showed the next highest incidence (30%) followed by rats fed PCD pelleted (17lTJo). In rats fed cn there was a very low incidence of nasal lesions (7%) and these were minor.
Varying degrees of rhinitis and maxillary 251 sinusitis comprised the majority of the changes seen. The different incidences observed in the four groups was reflected by the different degrees of severity of change. Squamous metaplasia of the epithelium of the respiratory passages, nasal cavity and paranasal sinuses (Fig.  6 ) was present in several rats fed PCD expanded, PCD pelleted or PCD pelleted ground with the following incidences: 9, 3, 2, respectively. No squamous metaplasia was present in any rat fed cn diet.
Overall, the incidences of tumours in the oral or nasal cavities was low and confined to rats fed either PCD pelleted ground or PCD expanded diet. The tumours present were as follows: ameloblastic odontoma (1 instance PCD expanded, 34 weeks) papilloma of the palate (1 instance PCD expanded, 77 weeks) lymphosarcoma masseter muscle (1 instance PCD pelleted ground, 89 weeks) and squamous cell carcinoma of the buccal epithelium (1 instance PCD pelleted ground, 103 weeks). No primary tumour of the nasal cavity was observed, and the ameloblastic odontoma and the squamous cell carcinoma, whilst involving the nasal cavity, were considered to originate in the oral cavity.
Discussion
The higher incidence of oro-nasal fistulation in rats fed PCD expanded ground diet relative to the incidence in other groups confirms the previous association of this lesion with that particular diet, and is presumed to relate to the presence of long sharp fibres of oats or barley (Robinson, 1985) . Madsen (1989) also considered the chaff from oats and barley to be significant factors in the pathogenesis of the inflammation.
The lower incidence of this lesion in rats fed non-expanded PCD diets indicates that the processing of the diet as well as the nature of the basic constituents influences the development of the lesion. The higher incidence of fistulation in rats fed PCD pelleted ground relative to PCD pelleted also suggests that the method of presentation of the diet to rats influences the susceptibility to fistulation. In this context the need for rats to nibble at the pelleted diet may be a significant influence on the overall pattern of intake and mastication.
As with fistulation, the highest incidence and severity of periodontitis was associated with PCD expanded and the least incidence associated with CT 1. Whether PCD pellets were fed as such or were fed ground appeared to have little overall effect on periodontitis. It has been considered previously (Robinson, 1985) , that periodontitis is a major factor in the pathogenesis of oro-nasal fistulation. However, the pathogenic relationship of periodontitis and fistulation may not be a simple one. Within each group the incidence of severity of periodontitis associated with each upper tooth was similar whereas almost exclusively, fistulation was present in the region of the first molar tooth. Furthermore, although similar incidences and degrees of periodontitis were present in rats fed PCD pelleted or PCD pelleted ground, the incidences of fistulation were somewhat different. It is possible that the roof of the oral cavity in the region of the first molar tooth is more susceptible to fistulation than in other areas either by virtue of the structure of the tissue or the mechanics of eating, and that whilst both periodontitis and fistulation are associated with the nature of the diet, they may not necessarily be associated with each other.
Periodontitis is a commonly encountered and important condition of man (Page & Schroeder, 1982) , dog (Krook, 1976; Harvey et al., 1983, and sheep (Herrtage et al., 1974; Spence et al., 1980) . However, oro-nasal fistulation is not a reported sequel of periodontitis in these species.
The finding of some degree of oral pathology in most rats, especially old animals, irrespective of the diet fed, indicates an inherent-predisposition for disease in the oral cavity. Depending on the diet and/or other factors, the minor background lesions mayor may not develop into more serious and potentially life threatening disease. The extension of periodontitis into more serious oro-nasal fistulation was undoubtedly responsible, at least in part, for the decreased survival of rats fed PCD expanded observed in this study.
The low level of severe oral cavity disease in rats under 53 weeks of age indicated that, irrespective of diet fed from weaning, severe lesions take time to develop. In a previous study (Robinson, 1985) oro-nasal fistulation developed relatively soon after a change of diet to PCD expanded at 1 year. This would suggest that it is the age of the animal rather than the actual duration of feeding which is important and the possibility remains that in old animals, severe dietary-induced lesions could develop quickly as a result of a change of diet.
Bacterial infection is considered to be the major aetiological factor in most, if not all, types of periodontitis (Socransky, 1970 (Socransky, , 1977 Page & Schroeder, 1982) and authors have commented on the possible syringe effect of hair impaction allowing deep penetration by bacteria into the periodontal structures. It is possible that long food fibres may operate by a similar mechanism.
The role of bacterial infection was not addressed in the present study, but in addition to the mechanical effects of the different diets studied, it is possible that various diet types stimulate the growth of different microflora to influence the severity of the periodontitis observed.
The low incidence of tumours of the oral cavity indicates that in this study, severe inflammatory disease did not act in a tumour promotion capacity to any significant extent. Whilst this is in agreement with previous findings (Robinson, 1985) , work by Madsen (1989) indicates that under some circumstances, the foreign body induced inflammation of oat and barley chaff may lead to the formation of squamous cell carcinoma.
The absence of primary neoplasms of the nasal cavity in the present study confirms previous findings that the squamous metaplasia of the nasal cavity epithelium induced by fistulation is not a preneoplastic lesion in these circumstances.
There was a low incidence and insignificant severity of spontaneous rhinitis in rats fed CTl in this study. This finding indicates that in the absence of significant oral disease, spontaneous rhinitis occurs at a low incidence in the Alpk:APfSD rat in this laboratory.
This study establishes the advantage of the use of cn diet in long-term toxicity studies and this is likely to lead to both decreased incidences of spontaneous pathological change in the oral cavity and a small increase in survival at 2 years. For these reasons this diet is now used in the conduct of safety evaluation studies in this laboratory.
